Figure 1. M9-Mediated Import Is Sensitive to Known Inhibitors of Nuclear Protein Import
Digitonin-permeablized HeLa cells were incubated with rabbit reticulocyte lysate along with GST (A), GST-T NLS (B), GST-M9 (C and E-H), or GST-M9 Gly 274 →Ala (D). In the reactions depicted in (A-F and H) an ATP regenerating system was included; in (F) wheat germ agglutinin was also included at a concentration of 50 g/ml; in (G) the ATP regenerating system was omitted and apyrase was included at 2.5 U/l; in (H) the reaction was performed on ice. Import of the GST substrates was detected with an anti-GST monoclonal antibody.
properties, the more extensively studied hnRNP proand are therefore presumably mediated by the same signal. Thus, M9 shows several characteristics that disteins can be divided into two groups (Piñ ol-Roma and Dreyfuss, 1991 Michael et al., 1995b) . The tinguish it from the classical NLS; it does not contain basic residues and it also functions as an NES, while first group, including the hnRNP C1, C2, and U proteins, are restricted to the nucleus. Recent studies have delinclassical NLSs do not (Michael et al., 1995a) . These findings suggest that the M9 signal mediates import of eated a nuclear retention signal in the hnRNP C1 protein (Nakielny and Dreyfuss, 1996) , which is capable of rethe hnRNP A1 and A2 proteins by a pathway that is different from the well-characterized import pathway taining proteins in the nucleus that would normally be exported. The second group, including the hnRNP proutilized by classical NLSs.
Here we show directly that M9 and classical NLSs teins A1, A2, and K, appear to be localized to the nucleus by immunofluorescence, but they have been shown to specify nuclear import by different pathways. While the import of classical NLSs requires importins ␣ and ␤, the actually shuttle rapidly between the nucleus and the cytoplasm (Piñ ol-Roma and Dreyfuss, 1992, 1993 ; Minuclear import of M9-containing proteins is importinindependent. We, therefore, searched for proteins that chael et al., 1995b) . Curiously, reimport of hnRNP A1 and A2 proteins, but not of K, is blocked by actinomycin can specifically interact with wild-type M9 but not with transport-defective M9 mutants (Michael et al., 1995a) . D treatment and is therefore dependent on pol II transcription (Piñ ol-Roma and Dreyfuss, 1991  An M9-interacting protein that fulfills these requirements, termed transportin, was isolated and charac- Michael et al., 1995b) . Because shuttling hnRNP proteins travel between the nucleus and the cytoplasm and are terized. Transportin mediates the nuclear import of wild-type M9-containing proteins but not of classical bound to poly(A)ϩ RNA in both compartments, we have proposed that they play a role in the export of mRNA NLS-containing proteins in a permeabilized cell assay. Transportin thus defines a second nuclear protein imfrom the nucleus (Piñ ol-Roma and Dreyfuss, 1992, 1993) . port pathway. Recently, the signals within hnRNP A1 that mediate its nuclear import (Siomi and Dreyfuss, 1995; Weighardt Results et al., 1995) and nuclear export (Michael et al., 1995a) have been determined. A 38 amino acid domain, termed M9 and Classical NLSs Mediate Nuclear Protein Import by Different Pathways M9, near the carboxyl terminus of hnRNP A1 has been shown to be necessary to localize hnRNP A1 to the To determine if M9 and classical NLSs mediate nuclear protein import by the same or separate transport pathnucleus and sufficient to localize otherwise cytoplasmic proteins to the nucleus when these proteins are fused ways, we fused M9 and M9 mutants as well as the SV40 large T NLS, to the bacterial protein GST and used them with the M9 domain (Siomi and Dreyfuss, 1995; Weighardt et al., 1995) . M9 does not contain any stretches as transport substrates in the digitonin-permeabilized cell import assay (Adam et al., 1990) . As shown in Figure  of basic residues that typify the classical NLS sequences, and it is highly conserved between A1 and A2 1A, GST alone is not imported in this assay whereas both GST-T NLS and GST-M9 ( Figures 1B and 1C ) accuin both Xenopus and humans. This sequence has also been shown to be an active nuclear export signal (NES) mulate efficiently in the nuclei when combined with cytosol and an ATP regenerating system. To verify that nu- (Michael et al., 1995a) . When M9 is fused to the nucleoplasmin core domain, a protein that normally resides in clear uptake of GST-M9 is mediated by a functional M9, we fused a mutant M9 (G 274 →A) domain, which we have the nucleus, the fusion protein is actively exported in a temperature-dependent manner. The NES and NLS previously shown to be inactive for NLS activity (Michael et al., 1995a) to GST, and found that this substrate is activities of M9 have not been separable by mutagenesis not imported into nuclei ( Figure 1D ). We next examined the conditions for GST-M9 nuclear import in vitro and found that, like classical NLSs (Adam et al., 1990) , M9-mediated nuclear import is dependent on addition of exogenous ATP, is blocked by the lectin wheat germ agglutinin (WGA), and is inhibited at low temperature ( Figures 1E-1H) . Preliminary experiments using the nonhydrolyzable GTP analogs GMP-PNP and GTP-␥-S in transport assays indicate that M9-mediated nuclear import, like classical NLS-mediated import (Moore and Blobel, 1993; Melchoir et al., 1993) , is sensitive to these inhibitors and thus requires GTP hydrolysis (data not shown). These results demonstrate that M9-mediated nuclear import can be faithfully reproduced in vitro.
To determine whether specific and saturable factors participate in M9-mediated import, we tested the ability of excess M9 to compete GST-M9 import. Nuclear import assays were performed in the presence of a 50-fold excess of a nucleoplasmin core domain-M9 (NPc-M9) fusion protein, and under these conditions, GST-M9 nuclear uptake was drastically reduced (Figure 2A ). When these experiments were repeated with a 50-fold excess of a NPc-bpNLS (the nucleoplasmin core domain fused to the bipartite-basic NLS from the hnRNP K protein [Michael et al., 1995a [Michael et al., , 1995b ) competitor, GST-M9 import was not affected and occurred efficiently ( Figure  2A ). These data suggest that an M9 nuclear import receptor is present in limiting amounts and is not required for classical NLS-mediated import. We next asked if this putative receptor could be depleted from the cytoplasmic extract by M9 affinity chromatography. Cytoplasmic extract was prepared for transport assays as usual except that, prior to the assay, the lysate was (A) Import reactions were performed that contained standard reacincubated with either GST-M9 or with the GST-M9 transtion components, 50 g/ml GST-M9 and either nothing else (Ϫ), 2.5 port-defective mutant. These lysates were depleted by mg/ml NPc-M9 (ϩ 50X NPc-M9), or 2.5 mg/ml NPc-bpNLS (ϩ 50X glutathione-Sepharose chromatography. We found that NPc-bpNLS). Nuclei were then processed for immunostaining as in depletion with the GST-M9 inactive mutant had no affect NPc-M9 or NPc-bpNLS ( Figure 2B ). However, extracts and then used as a cytosol source in import reactions. The transport substrate in these assays, added at 50 g/ml, is either recombinant depleted with wild-type GST-M9, while still capable of NPc-M9 or recombinant NPc-bpNLS. Nuclei were then processed supporting import of NPc-bpNLS, are severely depleted for immunostaining as in Figure 1 , except that a monoclonal antifor NPc-M9 nuclear import activity ( Figure 2B ). Approxibody against the T7 tag (Novagen) carried by the transport submate photometric measurements (using the Zeiss Axiostrates NPc-M9 and NPc-bpNLS was used.
phot spot meter) of the fluorescence intensity of the nuclei of permeabilized cells incubated with NPc-M9 verse NLS peptide (VKRKKKP, SLN peptide), efficiently indicate that GST-M9-depleted extracts have only blocked import of GST-T NLS. However, neither the NLS ‫%01ف‬ import activity compared with GST-M9 mutantpeptide, nor the reverse SLN peptide had any affect on depleted extracts. These data demonstrate that a factor GST-M9 nuclear import ( Figure 3 ). This strongly sugor factors can be selectively removed from the extract gests that importin ␣ is not involved in M9 nuclear imwith GST-M9 that significantly reduce import of M9-port, as it directly binds the NLS and is therefore the bearing proteins but not of classical NLS-bearing profactor most severely affected by excess NLS in the comteins. petition experiments. The results shown in Figure 2 suggest that the M9
We then tested the involvement of importin ␤ using receptor is distinct from importin, which is used by clastwo different inhibitors of importin ␤ activity. The first is sical NLSs. However, they do not rule out the possibility a 41 amino acid domain from the amino terminus of that the M9 receptor functions as a bridge between importin ␣, termed the IBB domain for importin ␤ binding M9-bearing proteins and importin. To directly ask if M9 domain (Gö rlich et al., 1996; Weis et al., 1996) . IBB has requires the importin complex during nuclear import, been shown to be a potent inhibitor of classical NLSwe performed direct competition experiments. We first mediated import, as excess IBB efficiently competes tested the ability of excess SV40 large T NLS peptide with importin ␣ for binding to importin ␤ and conse-(PKKKRKV, T NLS peptide) to compete for import of quently inactivates importin ␤ (Weis et al., 1996) . When GST-M9. As expected (Adam et al., 1990) , 200-fold molar excess of T NLS peptide, but not of the inactive re-IBB is present at 20 M, it efficiently inhibits nuclear import of GST-T NLS (Weis et al., 1996) (Figure 3 ), but Figure 4 ), of hnRNP A2, which contains the M9 domain (see Figure 4 ). Several positive clones were isolated. One had no affect on GST-M9 import ( Figure 3 ). We then of these fulfilled key requirements for an M9-interacting tested the ability of monoclonal antibody 3E9 to inhibit protein and was thus named MIP.1. MIP.1 interacted in GST-T NLS and GST-M9 import. This antibody specifithe two hybrid system with wild-type M3 sequences of cally recognizes p97, a protein now known to be identihnRNP A1, as well as A2, but only very weakly with cal to importin ␤ (Chi et al., 1995) . 3E9, as has been the transport-defective mutant A1 M3: 275 PMK→AAA (M. previously reported (Chi et al., 1995) , blocks import of Choi and G. Dreyfuss, unpublished data). Also, MIP.1 GST-T NLS but it has no effect on GST-M9 import ( Figure  interacted with an A1 auxiliary domain, but not with the 3). Neither transport reaction was affected by the nonauxiliary domain lacking the M9 region. Figure 4 shows specific control antibody (Figure 3) . These results thus the results of these assays, as well as the constructs demonstrate that M9 does not require the importin comused. plex for nuclear import and M9 must therefore utilize a The MIP.1 insert was sequenced and this sequence novel protein nuclear import pathway.
was compared to GenBank using the BLAST search program. An EST clone (clone ID 39149), which contains a larger fragment of the MIP cDNA, was identified and MIP, an M9-Interacting Protein obtained from the IMAGE Consortium. Sequences from To isolate candidate mediators of M9 nuclear protein 39149 were used to design oligonucleotide primers for import, we searched for M9-interacting proteins in a use in a 5Ј-rapid amplification of cDNA protocol to obtain HeLa cell cDNA library using a yeast two hybrid system the 5Ј end of the cDNA. The sequence of a putative full-(Clontech Laboratories, Inc.; Fields and Song, 1989) . length 5Ј RACE-PCR clone, pTC3, was combined with Initial experiments using the M9 sequence by itself were the sequence of 39149 to produce a cDNA clone that not successful, possibly because this region is too small encodes the protein depicted in Figure 5 . For reasons to be appropriately accessible in the two hybrid bait that are discussed below, we have named this protein constructs. We therefore screened the library with a transportin. The predicted transportin protein is 890 amino acids long, with a calculated molecular weight of larger fragment, M3 (Siomi and Dreyfuss, 1995 ) (see with the M9 sequence was obtained by direct in vitro binding assays. Owing to the homology, albeit low, between transportin and importin ␤, we also tested the ability of importin ␤ to bind to the M9 sequence. Additionally, transportin was tested for its ability to bind to the importin ␤-binding domain, IBB, of Xenopus importin ␣ (Gö rlich et al., 1996) . As affinity matrixes for these experiments, we used the GST-M9 and GST-M9 mutant proteins described above and the IgG binding zz domain of protein A fused to IBB wild-type and mutant protein domains as described previously (Gö rlich et al., 1996; Weis et al., 1996) .
35 S-labeled full-length transportin and importin ␤ transcribed and translated in vitro bound to these proteins in the presence of 400 mM NaCl. The data, shown in Figure 6 , demonstrate that transportin interacts specifically with GST-M9, but not with the transport-defective M9 mutant. No detectable binding of transportin to IBB is observed, whereas, as expected, importin ␤ shows specific interaction with IBB (Gö rlich et al., 1996; Weis et al., 1996) and does not interact with GST-M9. Binding experiments of recombinant transportin to immobilized GST-M9, under the same conditions, also showed that transportin binds directly to M9 (data not shown).
Transportin Mediates the Nuclear Import of M9-Bearing Proteins
To determine whether transportin plays a role in nuclear GST-M9 import is as efficient as import mediated by Xenopus and humans (Siomi and Dreyfuss, 1995) . The PMK→AAA cytosol (compare Figures 7A and 7B ). When ATP is abmutation is shown below the affected residues. sent from the in vitro import reaction, transportin cannot support import of GST-M9, and transportin cannot import GST fused to a transport-defective M9 mutant (Fig-101 ,290 daltons and an estimated pI of 4.625. Features ures 7C and 7D). Transportin cannot mediate import of of transportin include a highly acidic 19 amino acid do-GST-T NLS ( Figures 7E and 7F ). These data show that main (amino acids 350-368) containing 11 Asp residues transportin and ATP are the only exogenous requireand 5 Glu residues and two predicted leucine zipper ments for import of M9-bearing proteins in the in vitro motifs (amino acids 569-597 and 648-669). The seimport assay and establish that transportin is a nuclear quence of the original MIP.1 clone from the two-hybrid import factor for hnRNP A1 and other M9-bearing proscreen begins at amino acid 518 of the transportin seteins. Whether or not transportin is sufficient for M9-quence. mediated import is not yet known, as other required A BLAST homology search of the nucleotide, protein, factors may not have been sufficiently depleted from the and yeast genome databases using the transportin cells after permeabilization. This possibility is currently protein sequence revealed that transportin is most under investigation. closely related to the Saccharomyces cerevisiae protein YBR0224 (Schaaff-Gerstenschlä ger et al., 1995). Discussion The two proteins are 35% identical and 59% similar. The homology extends throughout the entire length of Over the past several years, we have been studying the the two sequences ( Figure 5 ). YBR0224 is an essential intracellular transport of hnRNP proteins. Many of these protein in yeast but its function is unknown (Schaaffpredominantly nuclear RNA-binding proteins were found Gerstenschlä ger et al., 1995). Both of these proteins to shuttle rapidly between the nucleus and the cytoshow a low level of homology (roughly 24% identity plasm, and this suggested that they are involved in and 48% similarity) to the importin ␤ family of transport mRNA export and may also have functions in the cytoproteins ( Figure 5) .
plasm (Piñ ol-Roma and Dreyfuss, 1992). Further, specific transport signals, both an NLS and an NES, which Further evidence that transportin interacts specifically mediate the shuttling of hnRNP A1, and presumably A2 sequences that resemble classical NLS motifs (Piñ olRoma and . It will be of interest to and B1 as well, were identified (Michael et al., 1995a; Siomi and Dreyfuss, 1995) . Here we describe a novel determine if these proteins utilize the same pathway as A1. nuclear protein import pathway involved in the transport of hnRNP A1. This pathway is signal dependent and is This novel import pathway is mediated by the M9 binding receptor transportin (Figure 7 ). Transportin is specified by the M9 sequence rather than by a classical basic NLS. We show that M9-mediated import can be 35% identical to the essential yeast protein, YBR0224, indicating a high degree of evolutionary conservation reproduced in the digitonin-permeabilized in vitro import assay (Figure 1) (Adam et al., 1990) . Saturable factors ( Figure 5 ). Both of these proteins exhibit a slight but significant degree of homology (24% identical) with the are involved in the M9 import pathway, which can be depleted from cytosolic extract with the M9 motif withessential classical NLS transport factor, importin ␤ (Figure 5) . Indeed, transportin and importin ␤ have a similar out affecting the extract's ability to transport a classical NLS-containing substrate (Figure 2) . Further, we demongeneral function in that both can mediate the transport of a signal-containing substrate into the nucleus. The strate that the importin complex is not involved in this pathway, as potent inhibitors and competitors of the ␣ fact that transportin is more closely related to YBR0224, a protein from an evolutionarily distant species, than it and ␤ importin subunits have no affect on M9-mediated import (Figure 3 ). This work clarifies an important aspect is to importin ␤, a protein from the same species, suggests that transportin and YBR0224 are functional hoof hnRNP A1 nuclear localization. Because import of M9-containing substrates is importin-independent, A1 is mologs. It will therefore be interesting to see if YBR0224 mediates transport of shuttling hnRNP proteins as well not imported into the nucleus "piggyback" on a classical NLS-containing protein. Therefore, as the M9-conas mRNA in S. cerevisae. A human EST sequence recently deposited in the databases (ID #127764) exhibtaining proteins are extremely abundant nuclear proteins (there are at least 70-90 ϫ 10 6 molecules each of its significant sequence similarity to transportin. This cDNA, as well as a novel cDNA we have isolated, are A1 and A2 per HeLa cell nucleus [Kiledjian et al., 1994] ), the importin-independent nuclear import that we decurrently being characterized, and their specific functions in transport will be of interest. scribe here is a major nuclear transport pathway. Other hnRNP proteins, such as I and L, also do not contain It is interesting that no importin ␣ homolog appears Finally, the nucleo-cytoplasmic shuttling of the hnRNP proteins appears to be linked to nuclear export of mRNA (Piñ ol-Roma and Dreyfuss, 1991 Michael et al., 1995a Michael et al., , 1995b . In support of this idea, it has recently been shown by immunoelectron microscopy that mRNA in transit through the NPC to the cytoplasm is indeed associated with hnRNP A1/A2-type proteins (Visa et al., 1996) . We have previously demonstrated that the NLS and NES activities of M9 could not be seperated by either deletional or substitution mutagenesis (Michael et al., 1995a) . As the binding of transportin to M9 is sensitive to mutations in M9 that are defective 
Construction of Expression Vectors and Expression
to be required in the M9 import pathway (Figure 7 ).
and Purification of Recombinant Proteins
Recently, it has been shown that the importin ␣ subunit
The plasmid encoding GST-M9 was made by inserting the EcoRIof the importin complex provides a bridge, via the IBB XhoI fragment from PK-M9 (Michael et al., 1995a) into pGEX-5X-1. The plasmid encoding GST-T NLS was made by ligation of a domain, between importin ␤ and the classical NLS-bearBamHI-EcoRV cleaved double-stranded oligonucleotide encoding ing protein during transport across the NPC into the two copies of the SV40 T NLS into BamHI-SmaI digested pGEX2TK.
nucleus (Gö rlich et al., 1996; Weis et al., 1996) . By anal-
The plasmid encoding GST-M9 (Gly 274 →Ala) was made by ligation ogy to this system, the IBB domain and M9 may be of the EcoRI-XhoI fragment from PK-M9(Gly 274 →Ala) (Michael et functionally equivalent as they both serve as connector al., 1995a) into pGEX-5X-1. To produce NPc-M9 and NPc-bpNLS domains to the transporter molecules transportin and expression vectors, the BamHI-XhoI inserts from plasmids NPc-M9 and NPc-NLS (Michael et al., 1995a) , respectively, were subcloned importin ␤. These two domains, however, have a very Weis et al., 1996) , while M9 is the NES for as EcoRI-SalI and EcoRI-XhoI fragments, respectively, after PCR hnRNP A1 (Michael et al., 1995a) . It will be important to amplification of amino acids 183-320 and 183-252, respectively. determine if transportin also mediates the export of A1
The zz-IBB construct containing 55 amino acids (1-55) of Xenopus from the nucleus, as it is conceivable that transportin importin ␣ was prepared as described (Gö rlich et al., 1996) . The zz-IBB mutant was generated by the same procedure and contains the provides both functions, which could be modulated by bearing proteins. However, due to the limitations of this coli strain BL21DE3 and purified according to the GST manual (Pharassay, we cannot exclude the possibility that other cytomacia). All his-tagged proteins were expressed in E. coli strain BL21DE3 and purified using a His kit from Novagen according to plasmic factors are involved (see, for example, Gö rlich the manufacturer's instructions, except for His-tagged IBB, which et al., 1995a). It will be interesting to determine if transwas prepared by expression of plasmid pKW312 and purified as portin, like importin ␤, can interact directly with nucleopdescribed (Weis et al., 1996). orins. Also, preliminary experiments demonstrate that M9 transport is sensitive to nonhydrolyzable analogs of
Nuclear Import Assays
GTP, indicating that a GTPase, possibly Ran, is involved Nuclear import reactions were performed as described (Adam et al., 1990 ) except that GTP was added to 0.1 mM. Rabbit reticulocyte in this transport pathway as well. All import receptors contain an ATP regenerating system, except in (C), in which ATP is absent and apyrase is included at 50 U/ml. lysate (Promega) was used as a cytosol source and prepared as depicted in Figure 5 . The PCR insert from this clone was used to produce random primed probes for use in hybridization screening described (Adam et al., 1990) . The transport substrates were added at a concentration of 50 g/ml except for GST-T NLS which was of a lambda ZAP HeLa cDNA library (Stratagene). Several partial clones were isolated, pMIP.2-pMIP.12, which were sequenced and used at 100 g/ml. After termination of the import reactions, the nuclei were fixed and processed for immunostaining as described thus confirmed the pTC3 and 39149 sequences. (Michael et al., 1995a) . Import of the GST substrates was detected with an anti-GST monoclonal antibody (Santa Cruz Biotechnology)
Protein Binding Assays and import of the his-tagged proteins was detected with a T7 tag Transportin and importin ␤ were produced by in vitro transcriptionmonoclonal antibody (Novagen). To make depleted extracts, rabbit translation of plasmids His-transportin and pCRimp␤, respectively, reticulocyte lysate was prepared for transport assays and then comusing a TnT kit (Promega) in rabbit reticulocyte lysate in the presence bined with either GST-M9 G 274 →A or wild-type GST-M9 and glutathiof [ 35 S]-methionine (Amersham) according to the procedure sugone-sepharose beads. The mixtures were then incubated with rockgested by the manufacturer. Purified GST or GST fusion protein and ing for 2 hr in the cold and subsequently centrifuged to remove zz fusion protein (5 g each) were incubated with 30 l of glutathiany complexes that may have formed on the glutathione-sepharose one-Sepharose (Pharmacia) and IgG-Sepharose (Pharmacia) rebeads. The postcentrifugation supernatant is defined as depleted spectively in 500 l of binding buffer (50 mM Tris-HCl, 400 mM extract. Depleted extracts were then used as the cytosol source in NaCl, 5 mM MgOAc, 2 g/ml of leupeptin, 2 g/ml pepstatin, and transport assays. For competition experiments the given competitor 0.5% aprotinin [pH 7.5]). Following incubation for at least 1 hr at 4ЊC, was added at the given concentration to complete transport mix the resin was washed with binding buffer and the in vitro translated (cytosol combined with the ATP-regenerating system), incubated transportin and importin ␤ was added. After incubation for 3 hr at on ice for 15 min, and then combined with transport substrate and 4ЊC, the resin was washed with binding buffer and the bound fraction nuclei.
was eluted by boiling in SDS-PAGE sample buffer, analyzed by SDS-PAGE, and visualized by fluorography.
Yeast Two-Hybrid Interaction Screening
The human HeLa cDNA library, yeast strains, and cloning vectors were from Clontech, Inc. All library screening and yeast manipulaAcknowledgments tions were carried out as suggested by the manufacturer. S. cerevisiae strain HF7c was transformed with pGBT9:A2-M3 and then subWe thank Drs. Angus Lamond and Karsten Weis for the IBB expressequently transformed with the HeLa cDNA library. 2 ϫ 10 6 sion vector, Dr. Stephen Adam for Mab 3E9, Dr. Haruhiko Siomi for transformants were plated onto ten 150 mm plates of synthetic cloning of the pCRimpb plasmid, Dr. Meiyoung Choi for construction medium lacking leucine, histidine, and tryptophan. A total of 53 of the PMK to AAA mutation, Qing Liu for the cloning of the His ϩ growers were isolated and ␤-galactosidase filter assays were pGBT9:A1-aux ⌬M9, and members of our laboratory, especially Drs. performed after streaking the positives onto filters placed on synHaruhiko Siomi, Utz Fischer and Naoyuki Kataoka for critical reading thetic medium plates lacking leucine and tryptophan. Eight of the of the manuscript. This work was supported by a grant from the His ϩ positives were blue. Library plasmids were isolated from these National Institutes of Health and by the Howard Hughes Medical colonies and retransformed to confirm the interaction. Plasmid inInstitute. serts were sequenced using the Sequenase Version II kit (USB).
Received August 19, 1996; revised September 11, 1996 . Full-Length Transportin Isolation EST clone ID# 39149 was obtained from the IMAGE Consortium (Lawrence Livermore National Laboratory, CA) and sequenced. A References primer was designed from this sequence for use with a 5Ј RACE kit (GIBCO-BRL). Several putative full-length and partial clones were
Adam, E.A., and Adam, S.A. (1994) . Identification of cytosolic factors required for the nuclear localization sequence-mediated binding to isolated from this procedure and sequenced. One clone, pTC3, contained the 5Ј sequences used to generate the composite sequence the nuclear envelope. J. Cell Biol. 125, 547-555.
